Needs for surgical care are growing in low-and middle-income countries. Existing surgical care capacity indicators, focusing on the availability of equipment, personnel, and operation and anaesthetic skills, are not intended to evaluate perioperative nutrition management, which influences surgical outcomes. In this narrative review, we describe the prevalence of malnutrition and its clinical consequences among surgical patients in low-and middle-income countries, suggest potential measures to improve nutrition management and discuss the necessity of considering nutrition management as a component of surgical care capacity.
Introduction
Growing needs for surgical and anaesthetic care and inequitable access to such care in low-and middleincome countries (LMICs) have recently been recognised [1, 2] . Although approximately 30% of the global disease burden results from disease conditions amenable to surgical interventions, only 6% of the population in LMICs have access to safe and affordable surgical care [2] . Although previously considered a luxury, surgical care has been shown to be cost-effective and affordable for LMICs. Since surgical care involves various procedures, ranging from early detection of disease to prompt patient referral, and targets a range of diseases, improving surgical capacity requires a system-wide approach; this in turn will strengthen the entire health care system [2] .
Several capacity indicators have been developed to evaluate, improve and monitor surgical capacity in LMICs [3] [4] [5] . These indicators aim to measure the factors directly related to operative interventions: availability of surgical and anaesthetic procedures, equipment/supplies, infrastructure and human resources. However, indicators to measure the ability to provide perioperative nutrition management are unavailable, despite the fact that malnutrition is a prevalent risk factor of poor post-operative outcomes that can be managed with appropriate nutrition support [6] [7] [8] [9] . In this review, we discuss the necessity of considering nutrition management as a component ofsurgical care capacity.
Methods
This is a narrative review regarding nutrition-related issues in surgical care in LMICs, which is directly related to surgical outcomes and care capacities. We searched PubMed to identify the relevant literature. We describe the prevalence of malnutrition and its clinical consequences among surgical patients in LMICs, discuss potential measures to improve nutrition management and discuss the importance of nutrition management to enhance surgical capacities.
In our literature search, we used the following terms: 'malnutrition', 'nutritional', 'surgery', 'surgical', 'trauma', 'operative', 'post-operative', 'pre-operative', 'hospital', 'hospitalise', 'prevalence', 'impact', 'assessment', 'status', 'morbidity', 'mortality', 'complications', 'survey', 'review' combined with Boolean operators and wild cards, as appropriate. We selected studies describing prevalence and clinical consequences of malnutrition among surgical patients in LMICs, which were published in 2000 or later; the issue of hospital malnutrition was not well recognised, particularly in LMICs before 2000. We read the study abstracts and excluded irrelevant studies, such as those conducted in high-income countries (HICs) and studies targeting only non-surgical patients or community dwellers, evaluating micronutrients or immune functions (not always feasible in resource-constrained settings), specifically selecting malnourished patients (prevalence of malnutrition is not relevant), or evaluating post-operative nutrition. We also excluded studies focusing on child malnutrition because child nutritional assessments require examining growth according to both height and weight, which is quite different from assessments of adult nutrition; child malnutrition should be discussed separately. We read full texts of 44 papers and excluded 12 studies for the following reasons: the assessment methods were not described, the prevalence of malnutrition among surgical patients was not described or the majority of the participants were children. In the following discussion, we omitted nutrition assessment methods that depend on laboratory tests because these are not feasible in many of the resource-constrained settings in LMICs.
Results

Nutrition-related issues in surgical care
Malnutrition is common among hospitalised patients, particularly among patients with cancer. Reports have indicated that the prevalence of hospital malnutrition is as high as 50% in HICs [6, 7, 10] and approximately 70% in LMICs [8, [11] [12] [13] [14] . Studies in LMICs show that the prevalence of pre-operative malnutrition among surgical patients is also high (Table 1) [8, . Of these studies, 16 were from Latin American countries, 7 from China, 3 from Vietnam, 3 from Turkey, 2 from India and 1 from Thailand. Although the prevalence varies, patients with malignant disease or undergoing major surgery showed a consistently high prevalence of pre-operative malnutrition (50-80%) [20, 35, 36, 38, 41] .
The variability observed in the prevalence of malnutrition in the above-mentioned studies partly results from the utilisation of different assessment tools (Table 1) . Examples of useful tools that do not require expensive laboratory tests are shown in Table 2 [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] . Body mass index (BMI) and recent weight loss are widely used and simple methods for the assessment of malnutrition. BMI indicates current nutritional status although it may overlook weight change within the normal range. Therefore, both current nutritional status and recent weight changes should be evaluated. In addition, cost-effective and validated composite measures are also available, including not only BMI or weight and weight change, but also dietary intake changes, disease severity, general condition of the patient and physical examination (Table 2) . History taking and physical examination require skills and training; and with some tools, assessment results may depend on users' experiences [24, 30] .
The causes of high prevalence of malnutrition among patients with malignancy who usually require major surgery include malignancy-related cachexia and reduced oral food intake due to loss of appetite or stenosis of the gastrointestinal tract [7] . Complete dysphagia or bowel obstruction is often observed in LMICs where treatment delay is common because of a weak health care system, including an ineffective referral system and lack of early case detection [2] .
Malnutrition among trauma patients also requires attention although trauma patients may be considered to be otherwise healthy. The prevalence of moderate malnutrition was 15% and 40% among trauma patients admitted to the intensive care unit (ICU) of a tertiary hospital in India [8] and the ICU of an emergency centre in Paraguay [39] , respectively; in the former study, the prevalence was lower than that for patients with other diseases in the same hospital. Studies in HICs reported similar findings. Nutritional risk was present in 42% of orthopaedic trauma patients in the United States [55] ; prevalence of malnutrition and nutritional risk among patients aged >75 years with hip fracture in France were 28% and 58%, respectively [56] .
Therefore, nutrition management is also crucial for trauma patients. Malnutrition and trauma share some characteristics or risk factors [57, 58] : lower socioeconomic status, such as low income and level of education, are strongly related to hazardous living conditions and existence of co-morbidities with fragile physical strength, which increase the risk of injuries. In addition, malnutrition results in muscle wasting and weakness, increasing the risk of falls among the elderly [41] .
Malnutrition is a well-known risk factor for poor surgical outcomes. Malnutrition in patients with cancer undergoing major surgery is associated with higher postoperative mortality, morbidity, cost, and longer hospital stays [6, 9, 59] . Post-operative complications that are influenced by nutrition include pneumonia, surgical site infections and anastomosis leak. This has been confirmed by studies conducted in LMICs, also including trauma victims, which consistently showed poor outcomes among patients with malnutrition or at risk of (Table 2) . †Anthropometry includes MUAC, TST, AMC, arm muscle area, and subscapular skinfold; nutritional status was assessed based on various reference values. ‡Abdominal surgery includes gastrointestinal surgery and hepato-biliary-pancreatic surgery. §Patients with a BMI malnutrition (Table 3 ) [14, 15, 17, 19, 21, 22, 26-28, 30-33, 35, 37, 39-41] . Furthermore, malnutrition is also associated with increased toxicity of, decreased response to, and poor outcomes of chemotherapy and radiotherapy, which are sometimes required to treat patients with cancer in addition to or instead of surgical intervention [9] . Despite the high prevalence of malnutrition among surgical patients and adverse effects on surgical outcomes, insufficient nutrition management is being provided in both HICs and LMICs [11, 12, [60] [61] [62] . A study in Latin American countries showed that nutrition information was included in the medical records of only 23% of patients and that 9% of patients received nutritional therapy, whereas up to 50% of patients were malnourished [11] . Worldwide, hospital malnutrition is under-recognised, under-diagnosed and under-treated by medical staff, potentially owing to inadequate knowledge [60, 63, 64] and omission of nutritional assessments as part of the routine patient assessment on admission [65] .
Nutrition management that improves surgical care outcomes
In this section, we discuss approaches to address these issues in LMICs. Although solutions have been devised in HICs, reflecting the high prevalence of hospital malnutrition and suboptimal nutrition management, these have not been fully implemented thus far. Some of these solutions can also be readily introduced to LMICs, whereas others may require additional resources with long-term political commitment.
First, malnutrition or nutritional risks need to be recognised on admission. Available validated screening tools measuring anthropometrics, food intake, physical and psychological function, and illness status can be introduced, even in the resource-constrained setting of LMICs [6, 7] . However, these tools are imperfect and there is no single best screening tool because nutritional risk manifests in various ways that reflect the disease, host and environmental conditions [6] . It is preferable to use these tools in combination as there is not always high agreement between them and each tool has its strength and weakness [24, 30] . In this context, screening should be followed by a full nutritional assessment process, including evaluation of recent weight loss, thorough anthropometries, clinical history, recent changes in appetite and eating abilities, as well as laboratory tests, wherever possible. However, assessing some of these components may not be feasible in resource-constrained settings.
Existing screening tools may require some modifications for use in LMICs. For example, in countries where weight measurement is not routinely conducted in daily life, loss of body weight over the preceding months, which is an important component of the tools, is rarely obtainable. Susetyowati et al. [66] developed and validated a measurement tool adapted to this type of situation in Indonesia, which uses simple questions about whether the patient looks thinner and feels his/her clothes looser than before. The tool showed good compatibility with the Subjective Global Assessment, a widely used validated tool.
Second, nutritional intervention and monitoring should follow screening and assessment. Perioperative nutritional support, particularly among severely malnourished patients undergoing major surgery, can improve postoperative outcomes by reducing complications and mortality [6, 7, 9, 54, 67] . Severely malnourished patients should receive pre-operative nutritional support for 10-14 days, delaying surgery if necessary. The enteral route (oral, nasogastric tube, or jejunostomy) is always preferable to the parenteral route because of the low cost and low risk of complications [6, 54] .
Post-operative nutritional support should also use the enteral route whenever possible [6] . Bowel rest was previously considered necessary after gastrointestinal surgery, but this is not supported by the medical evidence [6] . Early enteral feeding, via oral intake, jejunostomy or a tube placed beyond the anastomosis, can be safely provided even immediately after gastrointestinal surgery. Enteral nutrition including jejunostomy is appropriate for LMICs in terms of costs, safety and feasibility [68] .
Third, food service is a basic infrastructure of nutritional management/support, which is usually undervalued or misunderstood as the provision of food from an inhospital restaurant/kiosk [69] . In many LMIC hospitals, the majority of patients prepare their own meals or eat outside the hospital; hospital food services are used only by those who can afford them. To improve the therapeutic effects of nutritional support, the food service should be expanded preferably to all hospitalised patients. The food service department should be able to prepare specialised therapeutic food for all types of patients, including perioperative patients; this should include the enteral formula because commercial formulas are not affordable for many patients in LMICs.
Fourth, the process of nutrition management, from screening/assessment on admission to nutritional support and monitoring, should be mandated in routine patient care regardless of disease type. Algorithms or protocols that clearly describe these procedures can reduce variability and improve the quality of nutrition management practices [65] . The introduction of methodology, training and resources only does not effectively change practices. >7.5% 6 months 10% >10% Subjective Global Assessment (SGA) [46] Subjective clinical evaluation:
• • Food intake change: scores range from 0 (severe decrease) to 2 (no decrease)
• Weight loss over the last 3 months: scores range from 0 ( >3 kg) to 3 (no weight loss)
• Mobility: scores range from 0 (bed or chair bound) to 2 (goes out)
• Psychological stress or disease: 0 (yes) or 2 (no) The screening components of MNA are used BMI can be replaced with CC when BMI is not available: [51] • Calf circumference (CC): 0 (CC < 31 cm) or 3 (31 cm ≤ CC) 12-14: normal 8-11: at risk of malnutrition <8: malnourished Finally, and most importantly, human resource development is crucial to achieve appropriate nutrition management activities encompassing all of the aforementioned suggestions. Surgical capacity building in LMICs should integrate education and on-the-job training regarding nutrition management for surgical staff since nutrition management processes, from screening and assessment to intervention and monitoring, are complex and require appropriate knowledge and skills [60, 63] . Preferably, full-time specialists, such as registered clinical dieticians, should take responsibility for surgical nutrition management within hospitals. However, currently these specialists are non-existent in most LMICs. The development of education and licensing systems for clinical dieticians should be considered.
Implications for surgical capacity building
A proposed definition of surgical care includes 'operative, perioperative, and non-operative management; anaesthesia; obstetric care', which can 'potentially improve surgical conditions' [2] . Broadly interpreting this definition, we suggest that nutrition management be included as part of the perioperative and non-operative management because nutrition assessment and support can improve the outcomes of operative interventions and chemo/radiotherapies for patients with cancer. Cancer is a single disease entity requiring various therapeutic modalities, according to cancer stage, and should be treated as a surgical condition.
To improve surgical care in LMICs by enhancing nutrition management abilities, we propose short-term recommendations, which can be readily implemented using existing resources, and long-term recommendations, requiring additional resources with new infrastructures and systems. The short-term recommendations include making mandatory nutritional screening/assessment for all hospitalised patients and enteral nutrition support for malnourished patients whenever possible. These practices can be readily implemented with limited input such as the introduction of screening tools with the required modifications, the inclusion of nutrition assessment and support in surgical training, and the clear description of nutrition management procedures as algorithms or protocols.
Nonetheless, introducing formal ways of nutrition management is challenging in countries where food and dietary requirements of hospitalised patients are managed by family members and relatives. Such practices are • Nutritional status based on BMI, weight loss, food intake, and general condition.
Scores range from 0 (normal) to 3 (severe)
• Disease severity. Scores range from 0 (no additional nutritional requirement) to 3
(severe conditions requiring high nutritional support)
• If age ≥70 years, add 1 to the total score • These scores are aggregated Total score ≥3: at risk requiring nutritional care
European Society for Parenteral and Enteral Nutrition (ESPEN) criteria [54] Criteria for preoperative nutritional support
• Weight loss >10-15% within 6 months
If one or more of the criteria are met, preoperative nutritional support is required *Mini-Nutritional Assessment and its short form are specifically used for the elderly. commonly seen in LMICs, particularly in severely resource-constrained areas. In this context, hospital nutritionists and dieticians, as well as nurses and physicians, could work with the family members to improve patient dietary intake by providing education and better cooking environments for family members. It is also necessary to improve accessibility to good food in the hospital neighbourhood.
The long-term recommendations, requiring budget allocation and system changes, include providing food services to all patients and assigning specialist clinical nutritionists and dieticians. Hospital food services require an appropriately designed kitchen and adequate food delivery systems. Although basic nutrition management can be provided by existing medical staff, with some basic training, specialist nutritionists and dieticians are required for the provision of advanced nutrition management for severely ill patients. Political commitment is required to change professional education (e.g. to college level) and licensing systems.
Conclusion
Capacity indicators are important for determining a development agenda and training because capacity evaluation constitutes a basis for policy-making. We propose that at least some of the potential indicators of nutrition management (Table 4) be included in the evaluation tools for surgical capacities. This would result in better surgical outcomes in LMICs. 
